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Abstract
The K+ → pi+νν¯ decay is theoretically one of the cleanest meson decays and so a good place to look for indirect
effects of new physics complementary to LHC searches. The NA62 experiment at CERN is designed to measure the
branching ratio of this decay with 10% precision. NA62 was commissioned in October 2014, took data in pilot runs
in 2014 and 2015. The NA62 experimental setup is illustrated and data quality is reported.
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1. The NA62 Experiment
The NA62 (62nd experiment in the CERN North
Area) [1] is a fixed target experiment at CERN operat-
ing in the 400GeV/c proton beam supplied by the CERN
Super-Proton-Synchrotron (SPS) facility. The goal of
the experiment is to test the Standard Model (SM). A
secondary K+ beam with momentum pK+ = 75 GeV/c
is selected. The NA62 sub-detectors are located along
the trajectory of the K+ beam. They aim to identify kaon
decay particles and to measure their momentum and en-
ergy. The NA62 experiment had a pilot run in October-
November 2014. Data collected in the pilot run were
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used to study the detector performance and to validate
the analysis method. The NA62 experiment plans to
collect data each year until 2018, when the second long
shutdown of the Large Hadron Collider (LHC) machine
is foreseen.
2. BR(K+ → pi+νν¯) measurement
Figure 1: Box diagram and Z-penguin diagrams con-
tributing to the process K → piνν¯.
The K+ → pi+νν¯ and KL → pi0νν¯ are flavour chang-
ing neutral current decays proceeding through box and
electroweak penguin diagrams. A quadratic GIM mech-
anism and strong Cabibbo suppression make these pro-
cesses extremely rare. Using the value of tree-level ele-
ments of the Cabibbo-Kobayashi-Maskawa (CKM) tri-
angle as external inputs, the Standard Model (SM) pre-
dicts [2][3]:
BR(K+ → pi+νν¯) = (8.4 ± 1.0) × 10−11
BR(KL → pi0νν¯) = (3.4 ± 0.6) × 10−11
The theoretical accuracy is at the percent level, be-
cause short distance physics dominates thanks to the top
quark exchange in the loop. The hadronic matrix ele-
ments cancel almost completely in the normalization of
the K → piνν¯ branching ratios to the precisely measured
BR of the K+ → pi0e+νe. Experimental knowledge of
the external inputs dominate the uncertainties on these
predictions. The dependence on CKM parameters par-
tially cancels in the correlation between K+ → pi+νν¯
and KL → pi0νν¯. Therefore simultaneous measurements
of the two BRs’ would allow a theoretical clean inves-
tigation of the CKM triangle using kaons only. The
K → piνν¯ decays are extremely sensitive to physics be-
yond the SM, probing the highest mass scales among the
rare meson decays. The largest deviations from SM are
expected in models with new sources of flavour viola-
tion, owing to weaker constraints from B physics [4][5].
The experimental value of K the parameter measuring
the indirect CP violation in neutral kaon decays, lim-
its the range of variation expected for K → piνν¯ BRs
within models with currents of defined chirality, pro-
ducing typical correlation patterns between charged and
neutral modes[6]. Results from LHC direct searches
strongly limit the range of variation, mainly in super-
symmetric models [7][8]. Anyway, thanks to SM sup-
pression and existing constraints from K physics, sig-
nifcant variations of the K → piνν¯ BRs from the SM
predictions induced by new physics at mass scales up to
100 TeV are still observable by experiment with at least
10% precision.
The most precise experimental result has been ob-
tained by the dedicated experiments E787 and E949 at
the Brookhaven National Laboratory[9][10] which col-
lected a total of 7 events using a decay-at-rest technique.
Only the charged mode has been observed so far, and the
present status is [11]:
BR(K+ → pi+νν¯) = (17.3+11.5−10.5) × 10−11
BR(K+ → pi+νν¯) < 2.6 × 10−8 90%CL.
still far from the precision of the SM prediction.
3. The NA62 apparatus
Figure 2: Scheme of the NA62 layout.
A measurement of the BR of the BR(K+ → pi+νν¯)
with 10% precision is the main goal of the NA62 ex-
periment at CERN[12][13]. The experiment plans to
collect about 1013 kaon decays in a few years using 400
GeV/c protons from SPS. The design requirement then
are 10% signal acceptance and of the order of 10% sig-
nal to background ratio[14]. The proton energy and ex-
perimental requirement force the use of a kaon decay in
flight technique. The 12 orders of magnitude of back-
ground rejection requires the use of as much as pos-
sible independent experimental techniques to suppress
unwanted final states.
Figure 2 shows the NA62 apparatus for K+ → pi+νν¯
search. Protons impinge on a Be target producing sec-
ondary charged particles, 6% of which are kaons. A
100 m long beam line selects, collimates, focuses and
/ Nuclear and Particle Physics Proceedings 00 (2018) 1–6 3
transports charged particles of 75 ± 0.8 GeV/c momen-
tum, down to a 100 m long evacuated decay region.
A Cerenkov counter (KTAG) filled with N2 along the
beam line identifes and timestamps kaons. Three sil-
icon pixel stations (Gigatracker) of 6 × 3 cm2 surface
trace and timestamp all the beam particles before they
enter the vacuum region downstream. The Gigatracker
faces the full 750 MHz beam rate, the KTAG the rate
from kaons only. A guard ring detector (CHANTI)
tags hadronic interactions at the entrance of the decay
volume. About 10% of kaons decay in the vacuum
region between the GTK and the downstream detec-
tors. Large Angle annular electromagnetic calorime-
ters (LAV) made of lead glass blocks surround the de-
cay and downstream volumes to catch off-axis photons
out to 50 mrad. A magnetic spectrometer of straw
tubes in vacuum traces charged particles. Holes of vari-
able radius from 6.5 to 13 cm around the beam axis in
the spectrometer chambers and in the detector down-
stream let the undecayed beam particles to pass through.
The vacuum ends at the last station of the spectrome-
ter and downstream the beam passes in vacuum through
a beam pipe. A RICH counter filled with Ne sepa-
rates pi+, µ+ and e+ up to 40 GeV/c. The time of
charged particles is measured both with RICH and with
scintillator arrays (CHOD) inherited from the NA48
experiment, all placed downstream of the RICH. The
NA48 LKr calorimeter detects forward γ, and comple-
ments the RICH for particle identifcation. A shash-
lik small-angle annular calorimeter (IRC) in front of
LKr detects γ directed on the inner edges of the LKr
hole around the beam axis. An hadronic calorimeter
made by two modules of iron-scintillator sandwiches
(MUV1 and MUV2) provides further pi+/µ+ separa-
tion and triggering information. A fast scintillator ar-
ray (MUV3) identifes and triggers muons with sub-
nanosecond time resolution. A shashlik calorimeter
(SAC) placed on the beam axis downstream of a dipole
magnet bending off-axis undecayed beam particles, de-
tects γ down to zero angle. Downstream detectors see
less than 1% of the beam rate. Kaon decays in the vac-
uum region and particles from upstream beam activity
are the main sources of flux of particles downstream.
A multi-level trigger architecture is used. Timing in-
formation from CHOD, RICH and MUV3 and, calori-
metric information from electromagnetic and hadronic
calorimeters, are processed by FPGAs’ mounted on
TEL62 readout boards[15]. This infromation produce
special data packets used to generate level zero trig-
ger. Software-based information from KTAG, LAV and
magnetic spectrometer provides higher level triggers.
4. Experiment status
NA62 collected data in 2014 and 2015. The hardware
and readout of the detectors have been commissioned at
10% of the nominal beam intensity, the beam line up
to nominal intensity. The Gigatracker ran with a partial
hardware configuration. Data samples with beam inten-
sity varying from some percent of the nominal up to the
nominal one, were recorded in 2015. Data at low in-
tensity were triggered with CHOD only. Calorimetric
information have been used to trigger piνν¯-like events at
higher intensities. In the following sections a prelim-
inary analysis of a subset of the low intensity sample
is described. The analysis of the full 2015 data set is
on-going.
5. Analysis method
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Figure 3: Theoretical m2miss distribution for signal and
backgrounds from the main K+ decay modes: the back-
grounds are normalized according to their branching ra-
tio; the signal is multiplied by a factor 1010.
The signature of the signal is one track in the Giga-
tracker compatible with a kaon and one in the detec-
tor downstream compatible with pion. Kaon decays and
beam related activity are sources of background. Let PK
and Ppi+ be the 4-momenta of the kaon and the charged
particles produced from kaon decay under the pi+ mass
hypothesis, respectively. The squared missing mass dis-
tribution of the signal, m2miss = (PK − Ppi+ )2, has a three
body decay shape, while more than 90% of the charged
kaon decays are mostly peaking, as shown in figure
3. Signal is looked for in two signal regions around
the K+ → pi+pi0 peak. Semileptonic decays, radiative
processes, main kaon decay modes via reconstruction
tails and beam induced tracks span across these regions.
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Therefore kinematic reconstruction, photon rejection,
particle identfication, and sub-nanoseconds timing coin-
cidences between subdetectors must be employed to re-
duce background. Figure 4 shows the m2miss distribution
for the signal and the three main background sources
that survive kinematic cuts. A tight requirement on Ppi+
between 15 and 35 GeV/c boosts the background sup-
pression further, as will be also shown in the next sec-
tion.
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Figure 4: theoretical m2miss distribution for signal and
the main background sources after kinematic cuts; the
signal is multiplied by a factor 1010.
6. 2015 data quality analysis and prospects for the
BR(K+ → pi+νν¯) measurement
The following selection is applied to study the quality
of the data for the K+ → pi+νν¯ measurement. Tracks re-
constructed in the straw spectrometer matching in space
energy depositions in calorimeters and signals in the
CHOD are selected. Matched CHOD signals define the
time of the tracks with 200 ps resolution. A track not
forming a common vertex within the decay region with
any other in-time track defines a single track event. The
last Gigatracker station and the first plane of the straw
spectrometer bound the decay region. A vertex is de-
fined as the average position of two tracks projected
back in the decay region at the closest distance of ap-
proch (CDA) less than 1.5 cm. In order to select a single
track event originated from kaon decays, a Gigatracker
track is required to match the downstream track both in
time and space, forming a vertex extrapolated into the
decay region, and to be in-time also with a kaon-like
signal in KTAG. Figure 5 shows the m2miss versus the
spectrometer track momentum for 2015 data recorded
at low intensity. The time resolutions of the KTAG and
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Figure 5: m2miss distribution vs Ppi+ momentum under pi
+
mass hypothesis as a function of the momentum of the
track measured in the straw spectrometer after selection
for single track from kaon decays.
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Figure 6: m2miss distribution vs Ppi+ momentum under pi
+
mass hypothesis as a function of the momentum of the
track measured in the straw spectrometer asking for sin-
gle track without a positive kaon tag in time in KTAG.
of a Gigatracker track has been measured to be around
100 and 200 ps, respectively, matching the design val-
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ues. The KTAG can be used in anti-coincidence with a
Gigatracker track to select single track events not related
to kaons (Figure 6). This technique shows that decays
from beam pi+, elastic scattering of beam particles in the
material along the beam line (KTAG and Gigatracker
stations), and inelastic scatterings in the last Gigatracker
station are the main sources of tracks downstream origi-
nating from beam-related activity. The sample of single
track events from kaon decays selected above is used to
study kinematic resolution, particle identification, and
background rejection.
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Figure 7: m2miss distribution after the signal event selec-
tion. The kaon decays contributing to the distribution
are indicated.
The squared missing mass distribution after the anal-
ysis kinematic cuts is shown in Figure 7. The resolution
of the m2miss measured from the width of the K
+ → pi+pi0
peak is in the range of 1.2 × 10−3 GeV2/c4, close to the
10−3 GeV2/c4 design value. The resolution is a factor 3
larger if the nominal kaon momentum is taken, instead
of the event by event Gigatracker measured value (Fig-
ure 8). The tracking system of NA62 is also designed
to provide a rejection factor in the range of 104 ÷ 105
for K+ → pi+pi0 and K+ → µ+νµ using m2miss to separate
signal from backgrounds, respectively. The K+ → pi+pi0
kinematic suppression is measured using a subsample of
single track events from kaon decays selected by requir-
ing the additional presence of two γs compatible with
a pi0 in the LKr calorimeter. This constraint defines a
sample of K+ → pi+pi0 with negligible background even
in the signal m2miss regions, allowing the study of the far
tails of the m2miss. The measured K
+ → pi+pi0 suppres-
sion factor is of the order of 103. The partial hardware
Gigatracker arrangement used in 2015 mainly limits the
suppression because of m2miss tails due to beam track
misreconstruction.
 [GeV/c]+piP
10 20 30 40 50 60
]2
/c4
) [G
eV
m
is
s
2
(m
σ
0
0.0005
0.001
0.0015
0.002
0.0025
0.003
0.0035
0.004
0.0045
0.005 Data with GigaTracker
Data without GigaTracker
Expected (proposal)
 resolution+piexpected P
 resolution+piθexpected 
 resolution
K
expected P
 resolutionKθexpected 
NA62 Preliminary
2015 Data
Figure 8: σ(m2miss) distribution obtained with kaon mo-
mentun information from GTK (black points) and with
nomimal value (empty squares). Expected resolutions
are also shown
The particle identification of NA62 is designed to
separate pi+ from µ+ and e+ in order to guarantee at least
7 order of magnitude suppression of K+ → µ+νµin ad-
dition to the kinematic rejection. RICH and calorime-
ters together are employed to this purpose. The pure
samples of K+ → pi+pi0 used for kinematic studies and
an additional sample of K+ → µ+νµ selected among
the single track events from kaon decays by asking for
the presence of signals in MUV3 are used to study the
pi+/µ+ separation in the RICH. About 102 muon sup-
pression for 80% pi+ efficiency is measured in a track
momentum region between 15 and 35 GeV/c. Above
35 GeV/c the separation degrades quickly as expected
from the Cerenkov threshold curves for pi+ and µ+ in
Neon. As a by-product, the RICH provides an even bet-
ter separation between pi+ and e+. The same pi+ and µ+
samples allow the calorimetric muon-pion separation to
be investigated. Simple cut and count analysis provide
a muon suppression factor within 104 ÷ 106 for a pi+ ef-
ficiency between 90% and 50%. Several analysis tech-
niques are under study to get the optimal separation.
The layout of NA62 is designed to suppress K+ →
pi+pi0 of 8 orders of magnitude by detecting at least
one photon from pi0 decay in one of the electromag-
netic calorimeters, LAV, LKr and IRC and SAC cov-
ering an angular region between 50 ÷ 8.5 mrad, 8.5 ÷ 1
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mrad, < 1 mrad, respectively. The pi0 suppression ben-
efits from the angle-energy correlation between the two
pi0 photons and the cut at 35 maximum pi+ momen-
tum at analysis level. This allows the suppression fac-
tor to be achieved with single photon detection ineffi-
ciencies within the reach of the calorimeters, not below
10−5 for γ above 10 GeV. The suppression of pi0 from
K+ → pi+pi0 is measured looking directly at the scaling
of the K+ → pi+pi0 m2miss peak after applying conditions
for photon rejection on the sample of single track events
from kaon decays selected as above. The pi0 veto effi-
ciency measured with the 2015 data, shown in Figure
9, is statistically limited at 10−6 (90 % CL) as an upper
limit. The signal efficiency is within 90% as measured
on samples of muons from K+ → µ+νµ and events with
a single 75 GeV/c pi+ in the final state entering in the
downstream detector acceptance via beam elastic scat-
tering upstream.
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Figure 9: pi0 veto efficiency for different combinations
of the calorimeters information.
To conclude, the preliminary analysis of low intensity
2015 data shows that NA62 is approaching the design
sensitivity for measuring BR(K+ → pi+νν¯).
7. NA62 physics program beyond K+ → pi+νν¯
The performance of the apparatus allows many
physics opportunities beyond the K+ → pi+νν¯ to be ad-
dressed. NA62 can study standard K+ decay modes with
unprecedented precision, like the relative measurements
of the branching ratios of the more abundant K+ decays
or the measurement of RK . The single event sensitivity
offers the possibility to significantly improve existing
limits on lepton flavour and number violating decays
like K+ → pi+µ±e± or K+ → pi+l+l−. Experimentally,
pi0 physics can take advantage of the performance of the
electromagnetic calorimeters, and processes like pi0 →
invisible, pi0 → 3, 4γ or dark photon production can be
investigated. Thanks to the quality of the kinematic re-
construction, searches for a heavy neutrino produced in
K+ → l+ν decays can be extend in the heavy neutrino
mass region of 300 - 380 MeV/c2 strongly improving
the existing limits. The longitudinal scale of the appa-
ratus and the resolution of the detectors open the pos-
sibility to search for long living particles through their
decays, like dark photons decaying in l+l− or axion-like
particles decaying in γγ pairs, whether produced at the
target or in beam dump configurations.
References
[1] na62.web.cern.ch/na62/Documents/TechnicalDesign.html,
2010.
[2] J. Brod, M. Gorbahn and E. Stamou, PRD 83, 034030 (2011).
[3] A.J. Buras, D. Buttazzo, J. Girrbach-Noe and R. Knegjens,
JHEP 1511, 33 (2015).
[4] M. Blanke, A.J. Buras and S. Recksiegel, Eur. Phys. J C 76 no.4,
182 (2016).
[5] M. Blanke, A.J. Buras, B. Duiling, K. Gemmler and S. Gori
JHEP 903, 108 (2009).
[6] PA.J. Buras, D. Buttazzo and R. Knegjens, JHEP 1511, 166
(2015).
[7] G. Isidori, F. Mescia, P. Paradisi, C. Smith and S. Trine, JHEP
0608, 64 (2006).
[8] M. Tanimoto and K. Yamamoto, PTEP 2015 no.5, 053B07
(2015).
[9] S. Adler et al. (E949 and E787 Collaborations), Phys. Rev. D
77, 052003 (2008).
[10] S. Adler et al. (E949 and E787 Collaborations), Phys. Rev. D
79, 092004 (2009).
[11] J.K. Ahn et al. (E391a Collaboration), Phys. Rev. D 81, 072004
(2010).
[12] G. Anelli et al., CERN-SPSC-2005-013; SPSC-P-326.
[13] NA62 Technical Design Document, NA62-10-07;
https://cdsweb.cern.ch/record/14049857.
[14] G. Ruggiero (NA62 Collaboration), PoS KAON 13 032 (2013).
[15] B. Angelucci et al. JINST 7, C02046 (2012).
